INTRODUCTION
In the middle of the last century, changes in the economy and health conditions of Brazilian society jointly triggered a rapid demographic transition characterized by an increased number of elderly people 1 . Thus, population aging was observed, accompanied by an increased incidence of non-transmissible chronic diseases 1 . These diseases are known to involve lifelong expenditures not only with drugs, but also with exams and medical visits, with a consequent considerable onus for health services which tends to increase with population aging 1, 2 . Among non-transmissible chronic diseases, particularly outstanding is diabetes mellitus due to its high prevalence 3 and to the fact that it is considered to be a risk factor for morbidity-mortality 4 because of the complications induced by systemic macro-and microvascular injuries 5 . In 2000 there were about 171 million diabetic people in the world and this number is estimated to increase to 366 million by 2030 3 . During this period, this group will grow from 4.6 to 11.3 million in Brazil 3 . The number of persons with diabetes is estimated to exceed 82 million among the elderly living in developing countries. The worldwide increase for this age group will correspond to a 134% prevalence of the disease, with a 194% increase considering only Latin American countries 3 . These data demonstrate a great increase in the prevalence of diabetes mellitus and underscore the importance of public health planning in order to satisfy this increasing demand, especially among the elderly.
Some risk factors for the development of diabetes mellitus have been well established, such as excess weight, inadequate eating habits and physical inactivity 6, 7, 8 . However, recent evidence has indicated that a sedentary behavior may also be considered a risk factor for this disease 9 . Sedentary behavior is defined as activities performed in the lying or sitting position, with energy expenditure of ≤ 1.5 metabolic equivalents (METs) 10, 11 . Specifically among the elderly, the considerable amount of time spent in this behavior, in addition to having negative effects on health such as inducing a higher body mass index (BMI), increased waist circumference (WC) and levels of C-reactive protein and plasma glucose, as well as metabolic syndrome 12 , has increased the risk of all-cause mortality 13 . However, its association with diabetes mellitus is still poorly known, with the need for more in-depth studies, especially considering the adjustment by health variables. In this respect, the objective of the present study was to investigate the association between time spent sitting and the presence of diabetes mellitus among the elderly.
METHODOlOgICAl PROCEDURES

Population and sample
This was a cross-sectional study belonging to the project "Health profile of the elderly population of the municipalities of the Regional Health Manage-ment -Uberaba/Minas Gerais", based on a population of 79,924 persons 14 aged 60 years or older residing in 24 municipalities of the Regional Health Superintendence of Uberaba, MG.
Sample calculation was based on the elderly population of each municipality as reference 14 , considering the following parameters: 0.05 sampling error, 95% confidence interval and population proportion of each municipality (elderly population of the municipality divided by the total population of the municipality). A simple random sampling process resulted in a minimum sample of 3,198 elderly subjects.
Inclusion criteria were: agreeing to participate in the study by giving written informed consent; reaching the minimum score according to educational level in the Mini Mental State Exam 15, 16 , and being able to walk even with the aid of a cane or a walker. Exclusion criteria were: being wheelchair bound, having severe hearing or visual impairment causing considerable difficulty of communication, and being temporarily or permanently bedridden.
The selected subjects answered a questionnaire applied in the form of an interview and were submitted to anthropometric evaluation. Data were collected by trained interviewers between May 2012 and April 2013.
Variables analyzed
The sociodemographic variables analyzed were: sex (male, female), age range (60-69, 70-79 and ≥ 80 years), schooling (with and without schooling; those who never frequented a school were classified as having no schooling and those who frequented a school as having schooling), and family income (≤ 1 minimum wage, > 1 and ≤ 3 minimum wages, and > 3 minimum wages).
The perception of health status during the last 12 months was evaluated as a health indicator, with the reply options being excellent, good, regular and poor. The scale was categorized into two levels: negative perception of health (poor and regular) and positive perception of health (excellent and good). BMI and WC were also obtained. BMI was determined by the formula BMI = body mass/height 2 , based on the measurement of body mass in kg and height in meters using a digital scale and a portable stadiometer, respectively. BMI values were classified as low weight (BMI < 18.5 kg/m 2 ), normal weight (BMI 18.5 -24.9 kg/m 2 ) or excess weight (BMI ≥ 25.0 kg/ m²) 17 . WC was measured only once at the midpoint between the last rib and the anterosuperior iliac crest and was classified as indicating no risk (WC <80.0 cm and WC < 94.0 cm) or indicating risk (WC ≥ 80.0 cm and WC ≥ 94.0 cm for women and men, respectively) 17 . The presence of diabetes mellitus was determined by self-report based on the reply to the question "Did any doctor ever tell you that you have diabetes?", and the subjects were divided into two groups, i.e., diabetic and nondiabetic.
The following habits were considered: smoking (yes/no), consumption of alcoholic beverages (yes/no), self-report of regular physical activity (yes/ no), and time spent sitting. Total time spent sitting (minutes/day) was determined on the basis of the replies to the questions regarding time sitting on a habitual weekday and on a habitual weekend day of the International Physical Activity Questionnaire 18 validated for the elderly population of Brazil 19, 20 .
Data analysis
Data were entered on an Excel® spreadsheet by double entry and then analyzed statistically with the Statistical Package for the Social Sciences (SPSS), version 20.0. Descriptive analysis was applied to all variables. Total time spent sitting was determined based on the weighted mean sitting time value on a weekday and on a weekend day. The subjects were then divided into four groups according to the following percentiles: ≤ P25th, > P25th and ≤ P50th, > P50th and ≤ P75th and > P75th). Logistic regression was carried out in two steps in order to investigate the association between diabetes mellitus and time spent sitting: 1) in the first step, univariate logistic regression was performed between the presence of diabetes mellitus and the sociodemographic variables, health indicators and habits. 2) In the second, the adjusted odds ratio was calculated between the presence of diabetes mellitus and time spent sitting based on the sociodemographic variables, health indicators and habits which had shown p < 0.20 in univariate logistic regression. The odds ratio (OR) and the 95% confidence interval (95% CI) were calculated in all analyses. The level of significance was set at 5%.
Ethical procedures
The subjects gave written informed consent to participate in the study. The present study obeyed the principles of the Declaration of Helsinki and the research protocols were evaluated and approved by the Ethics Committee for Research on Human Beings of the Federal University of "Triângulo Mineiro" (Protocol No. 1640/2010).
RESUlTS
The study was conducted on 3,265 individuals, 38.5% (n=1.256) of them males and 61.5% (n=2.009) females. The prevalence of diabetes mellitus was 20.0% (n=653). Median total time spent sitting was 240.00 (P25 th =137.14 and P75 th =330.00) minutes/day. Univariate logistic regression between the sociodemographic variables and the presence of diabetes mellitus revealed an association with sex (p=0.000) and age range (p=0.008). Among the health indicators, the variables associated with the presence of diabetes mellitus were health status (p=0.000), BMI (p=0.000) and WC (p=0.000). Among the habits, consumption of alcoholic beverages (p=0.002) and time spent sitting (p=0.003) were associated with diabetes mellitus (Table 1) . 
DISCUSSION
The present population-based study demonstrated that elderly subjects who reported spending time sitting for a longer time had a greater chance of having diabetes after adjustment for sex, age range, family income, perception of health status, BMI, WC, consumption of alcoholic beverages, and smoking. Although there are no similar studies regarding the age range of the population and conducted on Brazilian individuals, some studies conducted on adults and elderly subjects have reported a relationship between these two variables. A cross-sectional study of individuals older than 18 years, aged on average 40 years, demonstrated an association between time spent sitting and diabetes when comparing persons reporting a time spent sitting of more than 4 hours/day to persons spending time sitting between one and two hours 21 . In another study conducted on men aged 45 to 64 years, George et al. 22 observed that those who spent more than six hours sitting had a greater chance of having diabetes than those who spent less than four hours sitting, a situation that was maintained after adjustment for physical activity, age, family income, educational level, smoking, BMI, and functional limitation.
Furthermore, some prospective studies have demonstrated an increased risk of developing diabetes mellitus among individuals with sedentary behavior for long periods of time. A study by Hu et al. 23 demonstrated, after 10 years of follow-up, that men aged 40 to 75 years who watched television for more than 40 hours per week had a 2.31 relative risk (95% CI 1.17-4.56, p=0.01) to develop diabetes mellitus than those who watched television less than one hour per week after adjustment for age, time of follow-up, consumption of alcoholic beverages, smoking, level of physical activity, and BMI. These findings were corroborated by Krishnan et al. 6 who followed up Afro-American women for the same period of time and observed that watching television five hours or more per day was associated with the risk to develop the disease.
However, another large prospective study reported that diabetes mellitus and television time were not directly associated. These results indicate that sedentary behavior contributes to a greater risk of obesity, which indeed is a factor that predisposes to the onset of diabetes. When the analysis was adjusted for sociodemographic and life style characteristics and for systolic arterial pressure there was a significant correlation between diabetes mellitus and television time. However, when BMI and WC were added to the adjustment, the association was attenuated and was no longer significant, showing a possible explanation for the mechanisms that link television time to the onset of diabetes 24 . A study on an American population of Latin American origin, with a mean time spent sitting similar to that observed in the present study, also showed that obesity possibly explains the relationship between diabetes mellitus and time spent sitting. However, when the analysis was adjusted for BMI, the association lost significance 21 . On the other hand, in the present study, after multivariable analysis including adjustment for BMI and WC among others, there was no attenuation or change of significance. Thus, it can be seen that there are other mechanisms leading to diabetes mellitus starting from a long time spent sitting.
Several studies have pointed out some of these mechanisms, showing that sedentary behavior is directly linked to metabolic changes that predispose to the onset of diabetes mellitus. Dunstan et al. 25 observed that women who spend more time watching television show changes in blood glucose metabolism. A similar study also detected a positive association between time spent watching television and insulin resistance, β cell activity and fasting insulinemia 26 , whose increased level is a strong predictor of the development of diabetes, as reported by Dankner et al. 27 .
Other studies have treated changes in metabolism, relating sedentary behavior to changes in enzyme activity and modifications of glucose transporters (GLUTs), which may result in an increased risk of onset of diabetes mellitus. According to Tremblay et al. 28 , sedentary behavior reduces the activity of the enzyme lipoprotein lipase (LPL), apparently by interfering with the mechanisms of cellular transcription. This leads to reduced LPL expression on the cell membrane, resulting in impaired tissue uptake of free fatty acids from blood. As a consequence, there is inhibition of insulin-stimulated glucose oxidation, of glucose uptake and of glucogenesis, important effects for the development insulin resistance and type 2 diabetes mellitus 29 . Additionally, muscle immobility, which is a direct result of sedentary behavior, leads to reduced GLUT-4 levels expressed on the membrane of muscle cells, both stimulated by insulin and by physical activity. Conversely, when muscle is stimulated, e.g. by electrostimulation, there is an expressive increase of GLUT-4 and GLUT-1 levels 28 . Thus, muscular activity promotes a greater ability to utilize plasma glucose with a consequent reduction of glycemia, whereas sedentary behavior inhibits glucose uptake and increases glucose concentration in blood.
On this basis, sedentary behavior leads to reduced glucose utilization by the muscles due to reduced glucose uptake (increased insulin resistance) but also due to muscle atrophy since the musculature is less requisitioned 30 . Thus, with reduced expenditure, the energy balance is metabolized by the liver for the production of fat, which will be preferentially stored in central adipose tissue. These adipocytes become more active, leading to a greater production of proinflammatory cytokines. This condition, associated with high plasma glucose concentration, results in hypercoagulability, facilitating platelet aggregation and inflammation, which are risk factors for the development of chronic diseases. Thus, the increased chance of the onset of diabetes mellitus may be a consequence of a long time spent in the sitting position 30 . Several metabolic pathways can be affected by prolonged sedentary behavior, leading to a higher risk of developing diabetes mellitus. The inhibition of LPL and GLUT-4 expression results in a lower tissue response to insulin stimulation 28 . In addition, the systemic inflammatory state induced by chronic immobility and also by obesity leads to changes in the normal metabolism of glucose, such as increased glycemia, fasting insulinemia and glucose tolerance 30 . All of these modifications combine to contribute to a higher risk of developing diabetes mellitus among individuals with high sedentary behavior.
Some considerations should be pointed out regarding the present study. The strong points of the study were: representativeness of the sample, use of the Mini Mental State Exam 15 as a criterion for subject inclusion, evaluation of sedentary behavior based on total time spent sitting 18 and not only on time spent watching television, and the exclusive investigation of the elderly population in view of the rarity of studies associating sedentary behavior and diabetes in this age range. On the other hand, the cross-sectional design of the study, which does not permit to establish a cause-effect relationship, and the evaluation of sitting time by self report may be considered to be limitations of this study, although this strategy has been used in other population-based studies 21 .
CONClUSIONS
The present study revealed that elderly subjects who spend 330.00 minutes/day or more sitting have a greater chance of developing diabetes than subjects who spend ≤ 137.14 minutes/day sitting even after adjustment for sex, age range, family income, perception of health status, BMI, WC, consumption of alcoholic beverages, and smoking. These findings indicate the importance of devising strategies for the reduction of sitting time in the elderly population in order to prevent diabetes mellitus and its complications.
